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Description

[0001] Thisinvention relates to afluid cleaning system
and a method for cleaning a fluid, more particularly to a
fluid cleaning system with a photocatalyst unit formed
from composite fibers and a method for cleaning a fluid
using such system.

[0002] In recent years, much attention has been paid
to antibiotic, antifouling, air-cleaning, and deodorizing
functions of photocatalysts. The aforesaid functions are
realized by electrons and holes generated by exposing
photocatalysts to ultraviolet light or sunlight. The elec-
trons and holes thus formed react with oxygen and water
nearby so as to generate superoxide anion and hydroxyl
radical. Upon reacting with organic matter, hydroxyl rad-
ical will cause an oxidation in the organic matter, thereby
resulting in decomposition of the organic matter.

[0003] With their ability to decompose organic matter,
photocatalysts have been widely used in several fields,
for example, fluid-cleaning systems. In the conventional
fluid-cleaning system, photocatalyst typically is coated
on a wall of the fluid-cleaning system or on a filter in the
form of a thin layer. For example, US 5,790,934 and US
6,063,343 disclose a reactor comprising a plurality of fins
coated with a photocatalyst. Also, TW 402162 discloses
a UV/titanium oxide photo-oxidation device comprising
a stirring unit with a plurality of stirring fins coated with a
photocatalyst. In addition, photocatalysts can be coated
on a surface of a support structure, such as glass beads,
ceramics, and stainless steel beads, based on the actual
requirements. However, as reaction time increases,
some problems are encountered, e.g., peeling of the
coated photocatalyst from the support structure, and de-
cline in the photocatalyst efficiency due to insufficient ab-
sorbance of ultraviolet light. In addition, peeling of the
coated photocatalyst is much more serious in the water-
cleaning system. Although attempts have been tried to
coat photocatalyst on a flexible support, such as fiber or
fabric, the peeling problem still exists. Therefore, there
is a need for preventing coated photocatalyst from peel-
ing from a support structure.

[0004] On the other hand, in order to achieve optimal
photocatalystic effect, attempts have been tried to direct-
ly add photocatalyst particles into wastewater in a water-
cleaning device for decomposing organic matters in
wastewater. For example, US 5,174,877 and US
5,294,315 disclose systems for treating a contaminated
fluid. The systems include a reactor tank for receiving
the contaminated fluid and photocatalystic particles.
Since the particle diameter of commercially available
photocatalysts ranges from several ten to several hun-
dred nanometers, after photocatalyzing wastewater, it is
necessary to separate photocatalyst from processed wa-
ter by using a filter. However, photocatalyst particles can
plug the pores of the filter during filtration. As a conse-
quence, the reaction is required to be stopped for replac-
ing a new filter. As such, the manufacturing cost is con-
siderably increased, and the cleaning efficiency is re-

10

15

20

25

30

35

40

45

50

55

duced. Therefore, there is a need in the art to prevent
blocking of the filter by the photocatalyst particles.
[0005] Therefore, the object of the present invention
is to provide a fluid cleaning system and a method for
cleaning a fluid that can overcome the aforesaid draw-
backs of the prior art.

[0006] According to one aspect of this invention, a fluid
cleaning system comprises: a reactor unit for receiving
a fluid body to be processed; a photocatalyst unit dis-
posed in the reactor unit to contact the fluid body to be
processed and including composite fibers, the composite
fibers including a first fiber component made from a first
organic polymer, and a second fiber component made
from a second organic polymer and particulate photocat-
alyst; and a light unit for irradiating the photocatalyst unit
to activate the particulate photocatalyst.

[0007] According to another aspect of this invention, a
method for cleaning a fluid comprises: preparing com-
posite fibers having a length ranging from 1 to 80 mm
and including a first fiber component made from a first
organic polymer and, a second fiber component made
from a second organic polymer and particulate photocat-
alyst; adding the composite fibers in a fluid body in a
reaction unit such that the composite fibers are freely
suspended in the fluid body; and irradiating the suspend-
ed composite fibers in the fluid body in the reactor unit.
[0008] Other features and advantages of the present
invention will become apparent in the following detailed
description of the preferred embodiments of this inven-
tion, with reference to the accompanying drawings, in
which:

Fig. 1 is a cross-sectional view of the first preferred
embodiment of a composite fiber according to this
invention;

Fig. 2 is a cross-sectional view of the second pre-
ferred embodiment of a composite fiber according
to this invention;

Fig. 3 is a perspective view showing a fiber bundle
formed from the composite fibers according to this
invention;

Fig. 4 is a perspective view showing a texturized fiber
formed from the composite fibers according to this
invention;

Fig. 5 is a perspective view showing a fabric formed
from the composite fibers according to this invention;
Fig. 6 is a perspective view showing a non-woven
fabric formed from the composite fibers according to
this invention;

Fig. 7 is a perspective view showing a braided fabric
formed from the composite fibers according to this
invention;

Fig. 8 is a schematic view of the first preferred em-
bodiment of a fluid-cleaning device using the com-
posite fibers of this invention;

Fig. 9 is a schematic view of the second preferred
embodiment of a fluid-cleaning device using the fiber
bundle formed from the composite fibers of this in-
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vention; and
Fig. 10 is a cross-sectional view of a photocatalyst-
containing fiber unit taken along line X-X in Fig. 9.

[0009] The composite fiber according to this invention
comprises a first fiber component made from a first or-
ganic polymer, and a second fiber component made from
a second organic polymer and particulate photocatalyst.
The particulate photocatalyst is dispersed in the second
organic polymer.

[0010] The first organic polymer and the second or-
ganic polymer are independently selected from the group
consisting of polyester, polycarbonate, polyamide, poly-
olefin, polyacrylate, polyvinyl alcohol, polyethylene chlo-
ride, polyethylene fluoride, polystyrene, and combina-
tions thereof. If optical polymer with good light transmit-
tance, e.g., fluoropolymer, polymethyl methacrylate,
polycarbonate and polystyrene, is used as the first or-
ganic polymer and the second organic polymer, the pho-
tocatalystic activity can be enhanced. Preferably, the first
organic polymer and the second organic polymer are pol-
yethylene terephthalate or polymethylmethacrylate (PM-
MA).

[0011] Fig. 1 illustrates the first preferred embodiment
of the composite fiber 1 according to this invention. In
this embodiment, the first fiber component 11 and the
second fiber component 12 are co-extruded in a side-by-
side arrangement. The first fiber component 11 is present
in an amount ranging from 20 to 80 vol%, and the second
fiber component 12 is present in an amount ranging from
20 to 80 vol%. Preferably, each of the first fiber compo-
nent 11 and the second fiber component 12 is present in
an amount of 50 vol%.

[0012] Fig. 2 illustrates the second preferred embodi-
ment of the composite fiber 1 according to this invention.
In this embodiment, the first fiber component 11 and the
second fiber component 12 are co-extruded in a core-
and-sheath arrangement. The first fiber component 11
defines the core portion, and the second fiber component
12 defines the sheath portion. The first fiber component
11 is present in an amount ranging from 40 to 90 vol%,
and the second fiber component 12 is present in an
amount ranging from 10 to 60 vol%. Preferably, the first
fiber component 11 is present in an amount ranging from
70 to 90 vol%, and the second fiber component 12 is
present in an amount ranging from 10 to 30 vol%. The
ranges mentioned above are exemplary, and should not
be construed as limiting the scope of this invention. Spe-
cifically, the content of the second fiber component 12 is
in an amount sufficient to fully cover the surface area of
the first fiber component 11.

[0013] Furthermore, the photocatalyst used is a com-
mercially available product, such as TiO,, ZnO, SnO,
WO, Fe, 03, etc. The diameter of the particulate photo-
catalyst can be varied based on the actual requirements.
It is preferable that the photocatalyst dispersed in the
second organic polymer is titanium dioxide in the form of
anatase crystal. The diameter of the photocatalyst rang-
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es from 10 nm to 900 nm, preferably from 10 nm to 500
nm, and more preferably from 10 nm to 200 nm, and most
preferably from 10 nm to 100 nm.

[0014] The cross-sectional diameter, length, and
shape of the composite fiber 1 according to this invention
can be varied based on the actual requirements. The
cross-sectional diameter of the composite fiber 1 ranges
from 5 wm to 2 mm , and preferably from 10 to 100 . m.
The length of the composite fiber 1 ranges from 1 mm to
80 mm.

[0015] As shown in Figs. 3 to 7, the composite fiber
can be further processed into fiber assemblies, such as
fiber bundle, bulky fibers, fabric, non-woven fabric, and
braided fabric.

[0016] Fiber bundle is formed by assembling, fixing,
and cutting the composite fibers. Bulky fibers are pro-
duced by crimping, assembling, fixing, and cutting the
composite fibers. Non-woven fabric is manufactured
through opening, carding, lapping and consolidation
processes. The non-woven fabric thus formed can be
further structurally reinforced, e.g., bonded, and then cut
into desired dimension so as to obtain a stronger non-
woven fabric, such as the one shown in Fig. 6. Braided
fabric is producing by braiding and cutting processes.
[0017] Fig. 8 illustrates the first preferred embodiment
of fluid-cleaning device, i.e., a water-cleaning device 2
according to this invention. The water-cleaning device 2
includes: a reactor unit 21 for receiving wastewater to be
processed; a photocatalyst unit 23 disposed in the reac-
tor unit 21 to contact wastewater to be processed and
including the composite fibers 231 of this invention; and
light units 22 for irradiating the photocatalyst unit 23 to
activate the particulate photocatalyst.

[0018] The reactor unit 21 includes an inlet 211 and
an outlet 212. The light units 22 are provided with UV
lamps 221 and are respectively disposed at two opposite
sides of the reactor unit 21. The composite fibers 231 of
the photocatalyst unit 23 are freely suspended in the re-
actor unit 21.

[0019] The water-cleaning device 2 further comprises
a stirring unit 24 near the inlet 211 for stirring wastewater
inthe reactor unit21, thereby enhancing contact between
wastewater and the composite fibers 231. In addition,
the water-cleaning device 2 further includes a filter 25 for
separating the composite fibers 231 from the processed
water prior to discharge of the treated water through the
outlet 212.

[0020] In operation, wastewater to be cleaned is intro-
duced into the reactor unit 21 through the inlet 211 to
contact the composite fibers 231 of the photocatalyst unit
23. UV light generated by the light units 22 is guided into
the reactor unit 21 to activate the photocatalyst in the
composite fibers 231. After reaction, the cleaned water
is separated from the composite fibers 231 by the filter
25, and is discharged from the reactor unit 21 through
the outlet 212.

[0021] Fig. 9 illustrates the second preferred embodi-
ment of a fluid-cleaning device, i.e., a water-cleaning de-
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vice 3 according to this invention. The water-cleaning
device 3 includes: a reactor unit 31 for receiving waste-
water to be processed; a photocatalyst-containing fiber
unit 33 disposed in the reactor unit 31 to contact waste-
water to be processed and including fiber bundles 331
(see Fig. 10) obtained from Example 2 to be described
hereinafter; and a light unit 32 for irradiating the photo-
catalyst-containing fiber unit 33 to activate the particulate
photocatalyst.

[0022] The reactor unit 31 includes an inlet 311 and
an outlet 312. The light unit 32 includes UV lamps 321
disposed at two opposite sides of the reactor unit 31. As
shown in Fig. 10, a plurality of fiber bundles 331 are ar-
ranged in the reactor unit 21 in a parallel manner and are
grouped together by applying resin at the two sides of
the fiber bundles 331. The photocatalyst-containing fiber
unit 33 is provided with a light guiding surface 333 at the
two sides of fiber bundles 331 to guide light irradiated
from the UV lamps 321 of the light unit 32 into the fiber
bundles 331 of the photocatalyst-containing fiber unit 33.
[0023] The water-cleaning device 3 further includes a
stirring unit 34 near the inlet 311 for stirring wastewater
in the reactor unit 31.

[0024] The composite fiber with photocatalyst can be
used to clean air or water. In this invention, water is used
as an example for illustration.

Example 1

[0025] 70 vol% Polyethylene terephthalate as a first
component and 30 vol% of a mixture of polyethylene
terephthalate and Ti02 (99: 1 wt%) as a second compo-
nent were subj ected to bicomponent spinning process
to obtain a composite fiber with a diameter of 0 . 2 mm.
The composite fiber thus formed was cut into 5 mm
length.

[0026] The composite fiberthus obtained was then dis-
persed in 20 ml, 10 ppm methylene blue solution, and
was irradiated with UV light to observe the color change
of methylene blue solution. After 18 hours of reaction,
the color of the methylene blue solution changed from
blue to colorless. It is apparent that the composite fiber
of this invention exhibits photocatalystic effect.

Example 2

[0027] 80 vol% Polymethylmethacrylate as a first com-
ponent and 20 vol% of a mixture of polymethylmethacr-
ylate and Ti02 (99:1 wt%) as a second component were
subjected to bicomponent spinning process to obtain a
composite fiber with a diameter of 0.2 mm. The composite
fibers thus obtained were subjected to bundling and cut-
ting processes to form a fiber bundle with a length of 10
cm.

[0028] The composite fiberthus obtained was then dis-
persed in 20 ml, 10 ppm methylene blue solution, and
was irradiated with UV light to observe the color change
of methylene blue solution. After 20 hours of reaction,
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the color of the methylene blue solution changed from
blue to colorless. It is apparent that the composite fiber
of this invention exhibits photocatalystic effect.

[0029] Since the second fiber component of the com-
posite fiber of this invention is formed by first mixing the
photocatalyst and the second organic polymer and then
extruding the mixture, the aforesaid peeling problem as-
sociated with the prior art during wastewater treatment
can be eliminated.

Claims
1. Afluid cleaning system (2,3), characterized by:

a reactor unit (21, 31) for receiving a fluid body
to be processed;

a photocatalyst unit (23, 33) disposed in said
reactor unit (21, 31) to contact the fluid body to
be processed and including composite fibers (1,
231), said composite fibers (1, 231) including a
first fiber component (11) made from a first or-
ganic polymer, and a second fiber component
(12) made from a second organic polymer and
particulate photocatalyst; and

a light unit (22, 32) for irradiating said photocat-
alyst unit (23, 33) to activate said particulate
photocatalyst.

2. The fluid cleaning system (2, 3) of Claim 1, further
characterized by a stirring unit (24, 34) for stirring
the fluid body in said reactor unit (21, 31) .

3. Thefluid cleaning system (2) of Claim 2, further char-
acterized by a filtering unit (25) disposed in said
reactor unit (21, 31) for separating the fluid body from
said photocatalyst unit (23).

4. The fluid cleaning system (2) of Claim 3, character-
ized in that said composite fibers (1) are freely sus-
pended in the fluid body in said reactor unit (21) .

5. The fluid cleaning system (3) of Claim 2, character-
ized in that said composite fibers are in the form of
fiber bundles (331), said fiber bundles (331) being
arranged in a parallel manner.

6. The fluid cleaning system (2, 3) of Claim 1, charac-
terized in that said particulate photocatalyst is dis-
persed in the second organic polymer.

7. The fluid cleaning system (2, 3) of Claim 1, charac-
terized in that said first fiber component (11) and
said second fiber component (12) are co-extruded
in a side-by-side arrangement.

8. The fluid cleaning system (2, 3) of Claim 1, charac-
terized in that said first fiber component (11) and



10.

1.

12

13.

14.

15.

16.

17.

18.

7 EP 1798 204 A1 8

said second fiber component (12) are co-extruded
in a core-and-sheath arrangement.

The fluid cleaning system (2, 3) of Claim 1, charac-
terized in that said first organic polymer and said
second organic polymer are independently selected
from the group consisting of polyester, polycar-
bonate, polyamide, polyolefin, polyacrylate, polyvi-
nyl alcohol, polyethylene chloride, polyethylene flu-
oride, polystyrene, and combinations thereof.

The fluid cleaning system (2, 3) of Claim 9, charac-
terized in that said first organic polymer and said
second organic polymer are polyethylene terephtha-
late.

The fluid cleaning system (2, 3) of Claim 9, charac-
terized in that said first organic polymer and said
second organic polymer are polymethylmethacr-
ylate (PMMA) .

The fluid cleaning system (2, 3) of Claim 1, charac-
terized in that said photocatalyst is present in an
amount ranging from 0.5 to 8 wt% of said second
fiber component.

The fluid cleaning system (2, 3) of Claim 1, charac-
terized in that said particulate photocatalyst is tita-
nium dioxide.

The fluid cleaning system (2, 3) of Claim 1, charac-
terized in that the diameter of said particulate pho-
tocatalyst ranges from 10 nm to 100 nm.

The fluid cleaning system (2, 3) of Claim 1, charac-
terized in that said composite fibers (1, 231) have
a diameter ranging from 5 pum to 2 mm.

A method for cleaning a fluid, characterized by:

preparing composite fibers (1, 231) having a
length ranging from 1 to 80 mm and including a
first fiber component (11) made from a first or-
ganic polymer, and a second fiber component
(12) made from a second organic polymer and
particulate photocatalyst;

adding the composite fibers (1, 231) in a fluid
body in a reactor unit (21) such that the com-
posite fibers (1, 231) are freely suspended in the
fluid body; and

irradiating the suspended composite fibers (1,
231) in the fluid body in the reactor unit (21).

The method of Claim 16, characterized in that the
particulate photocatalyst is dispersed in the second

organic polymer.

The method of Claim 16, characterized in that the
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19.

first fiber component (11) and the second fiber com-
ponent (12) are co-extruded in a side-by-side ar-
rangement.

The method of Claim 16, characterized in that the
first fiber component (11) and the second fiber com-
ponent (12) are co-extruded in a core-and-sheath
arrangement.
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